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Empty lacunaeA 34-year-old Japanese woman with anorexia nervosa (AN) of a body mass index (BMI) of 11.0 kg/cm2 was
admitted to our hospital for assessment of renal dysfunction with a serum creatinine of 1.8 mg/dL and hypo-
kalemia (3.0 mEq/L). Renal biopsy showed chronic interstitial ﬁbrosis with hypertrophy of the juxtaglomerular
apparatus. Iliac crest biopsy was performed because of a severe decrease in bone mineral density. It showed
active resorption at the periosteal and endosteal surfaces of cortical bone by numerous osteoclasts, as well as
bone island formation in cancellous bone due to marked decrease of trabecular connections. A dynamic study
using double labeling showed that mineralization of cancellous bone adjacent to cortical bone occurred between
the ﬁrst and second labelings, but did not occur between the second labeling and osteoid formation during the
28-day period before biopsy, which implied that the mineralization was related to promotion of food intake
after hospitalization, while the lack of mineralization was due to poor food intake outside hospital. Empty lacu-
nae that indicated the death of osteocytes were seen. Because her bone mass and kidney injury improved after
weight gain and normokalemia were achieved by a highly nutritious diet, malnutrition with hypokalemia may
have a negative inﬂuence on bone formation due to impaired mineralization and may activate bone resorption
by osteoclasts secondary to the formation of empty lacunae. This is the ﬁrst report about the histological features
of premenopausal osteoporosis in a patient with AN and kidney injury.
Crown Copyright © 2013 Published by Elsevier Inc. Open access under CC BY license.Introduction
Anorexia nervosa (AN) is highly prevalent among women and is
associated with bone loss that is multifactorial, although undernutri-
tion and estrogen deﬁciency have been suggested to contribute to
it [1]. Weight loss, the time since the last menstrual period, and the
age at menarche have been shown to have a signiﬁcant inﬂuence on
bone mineral density (BMD), but estrogen use has not been shown
to inﬂuence BMD [2]. This may indicate that the role of female sex
hormones needs to be discussed in relation to nutrition.
Patients with AN are known to have a high prevalence of renal
dysfunction and electrolyte abnormalities, such as hypokalemia, in as-
sociation with use of diuretics and laxatives, vomiting, loss of intake,
and hyperreninemia and hyperaldosteronism [3–5].
AN is one of the causes of premenopausal osteoporosis in women,
but the bone histologic features of AN have not been evaluated, thoughon Hospital, 2-2-2 Toranomon
.
amatsu),
vier Inc. Open access under CC BY licethere have been reports that it resembles osteomalacia clinically [6,7].
Here we performed a histomorphometric analysis of bone in a 34-
year-old Japanese woman with AN accompanied by severe bone loss
and renal dysfunction, and evaluated development of the classical
histological features of osteoporosis, including loss of trabecular bone,
enlargement of the medullary spaces, cortical porosity, and reduction
of cortical thickness [8].
Case report
In September 2005, a 34-year-old Japanese woman was admitted
to our hospital for the evaluation of weight loss and renal dysfunc-
tion. When a nutritious diet was started because of love relations at
the age of 20 years in 1990, her body weight was 43 kg, her height
was 157 cm, and her body mass index (BMI) was 17.4 kg/cm2 [by the
formula of weight (kg) / height (m)2]. In 2000, anorexia nervosa was
diagnosed according to the criteria of the International Classiﬁcation
of Diseases (ICD)-10 when her weight had decreased to 35 kg. Men-
struation stopped in 2002. Her weight declined to 27 kg in 2005 with
the onset of father's sickness and renal dysfunction became apparent.
Use of diuretics or laxative abuse was not informed by hearing of her
history.
On admission, the patient was 157.0 cm tall and weighed 27.0 kg,
with a body mass index of 11.0 kg/cm2. Her blood pressure was 80/nse.
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36.7 °C. Physical examination revealed severe malnutrition, but she
had no bone pain.
Laboratory data were as follows: the white blood cell (WBC) count
was 4900/μL, hemoglobin (Hb) was 10.0 g/dL, platelet count was
329 × 103/μL, total serum protein was 7.2 g/dL, and serum albumin
was 3.2 g/dL. Sodium was 132 mmol/L, potassium was 3.0 mEq/L,
chloride was 100 mmol/L, serum calcium was 9.2 mg/dL, phosphate
was 3.8 mg/dL, pH was 7.38, pCO2 was 33 Torr, pO2 was 114 Torr,
HCO3 was 19 mmol/L, base excess was −4.9 mmol/L, urea was
34 mg/dL, creatinine was 1.8 mg/dL, and uric acid was 12.3 mg/dL.
In addition, total cholesterol was 170 mg/dL, triglycerides were
41 mg/dL, and glucose was 107 mg/dL. Furthermore, serum alkaline
phosphatase (ALP) was 83 IU/L, parathyroid hormone (PTH) was
27.7 pg/mL, osteocalcin was 6.9 ng/mL, 1,25-dihydroxyvitamin D
was 7.0 ng/mL (normal: 20 to 60), and 25-hydroxyvitamin D was
18.7 μg/L (normal: 10 to 33). Serum renin was 87 pg/mL (normal:
10 to 20) and serum aldosterone was 136.0 ng/dL (normal: 3 to 15).
Serum levels of adrenocorticotrophic hormone, cortisol, and thyroid
hormone were normal. Her 24-h urinary protein excretion was 0.17 g,
N-acetyl-β-D-glucosaminidase (NAG) excretion was 54.0 IU (normal;
less than 5.0), and β2-microglobin excretion was 2828 μg (normal;
less than 400). Creatinine clearance was 36.5 mL/min and the esti-
mated GFR was 36.5 mL/min. Urinary calcium excretion was low
(55.5 mg/day). Sodium was 5.0 mmol/day, and potassium excretion
was low (3.0 mmol/day). Radiographs showed severe generalized
osteoporosis, but there were no pseudofractures (Fig. 1). Bone mineralFig. 1. Lateral radiograph of the lumbar vertebrae (A) and the right femoral neck (B) shdensity (BMD) was measured by dual energy X-ray absorptiometry
(DEXA), revealing T-scores of −4.8 SD and −2.9 SD for the lumbar
spine (L2–L4) in the lateral and anterior–posterior views, respectively,
as well as a T-score of −3.9 SD for the femoral neck. These ﬁndings
were consistent with a diagnosis of osteoporosis (less than −2.5 SD)
according to the WHO classiﬁcation. After informed consent was
given, renal biopsy was performed for the assessment of her kidney
dysfunction, and right iliac crest bone biopsy was performed after
double-tetracycline labeling (with a schedule of 3 days on-7 days
off-3 days on-24 days off using doxycycline of 200 mg daily) for the
examination of her bone disease. Histomorphometric analysis of bone
was performed using undecalciﬁed thin (5 μm) sections of the biopsy
specimen stained by the Villanueva method. This analysis was done
by Mrs. Akemi Ito of the Ito Bone Science Institute (Niigata, Japan).
Sections were observed with an epiﬂuorescence microscope under
ultraviolet light at a magniﬁcation of ×160, and histomorphometric
parameters were measured directly by an image analysis system
linked to a computer.
Renal biopsy ﬁndings
Light microscopic examination of the biopsy specimen containing
24 glomeruli revealed no evidence of global sclerosis. Glomeruli showed
collapse, but immune complex deposits were not seen. There was
diffuse atrophy with tubular epithelial ﬂattening and vacuolation
(cyst formation) with interstitial ﬁbrosis (Fig. 2A), and hypertrophy
of the juxtaglomerular apparatus was apparent (Fig. 2B).ows reduced bone density, cortical thinning and a reduced number of trabeculae.
AB
Fig. 2. Lightmicrograph of the renal biopsy specimen. There is diffuse tubular epithelial ﬂattening (large arrow) and vacuolation (small arrow)with interstitial ﬁbrosis (*) (hematoxylin–
eosin stain) (A), as well as hypertrophy of juxtaglomerular apparatus (arrow) (periodic acid methanamine silver, PAM, stain) (B).
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Cancellous bone showed a marked decrease and was replaced by
adipose tissue (Fig. 3A). There was also a reduction of cortical bone
due to excessive porosity related to resorption at both the periosteal
surface and the endosteal surface (Fig. 3B). Numerous osteoclasts
were seen along the active resorption surfaces. The cancellous boneshowed island formation due to a marked decrease of trabecular con-
nections (Fig. 3C). Only cancellous bone adjacent to the cortical bone
showed mineralization between the ﬁrst and second labelings, while
no mineralization was seen between the second labeling and osteoid
formation during the 28 days before biopsy (Fig. 3D). Empty lacunae
that lacked osteocytes were noted prominently and diffusely in the
cancellous bone and cortical bone, and bone area of lacunae ﬁlled
AB
C
D
Fig. 3. A: Osteoporosis is histologically characterized by the loss of cancellous bone, enlargement of the medullary spaces, and cortical porosity. B: Large box in Fig. 3A magniﬁed
from 12.5 to 200 times. There is a reduction of cortical bone related to resorption at the periosteal surface (yellow arrows) and at the endosteal surface (blue arrows). Numerous
multinucleated osteoclasts are seen along the active resorption surface (black arrows). C: Small box in Fig. 3A magniﬁed from 12.5 to 200 times. In cancellous bone, islands have
formed due to a marked decrease of trabecular connectivity. D: In the cancellous bone adjacent to cortical bone, mineralization is seen between the ﬁrst labeling (black arrow) and
the second labeling (white arrow), but there is no mineralization between the second labeling and osteoid formation during the 28-day period before biopsy. E: Empty lacunae
lacking osteocytes (yellow arrow) are prominent in cancellous bone. Osteocytes are colored (black arrow) in the bone matrix. An empty lacuna (yellow arrow) is deﬁned as a lacuna
without any visible part of a cell inside it.
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bone adjacent to cortical bone (Table 1), the total bone volume (BV/TV)
was reduced to 13.4% (normal: 18.8 to 27.6%) and the trabecular thick-
ness was reduced to 85 μm (normal: 111 to 155 μm). The osteoid
volume (OV/BV) was 3.51% (normal: 0.55 to 2.40%) and the osteoid
thickness was 7.46 μm (normal: 8.3 to 12.4 μm), which did not ﬁt the
criteria for diagnosis of osteomalacia (OV/BV>5% and osteoid thickness
>15 μm) [10].
Clinical course
Acid–base balance of our patient showed moderate chronic meta-
bolic acidosis with respiratory and metabolic compensations because
of hyperventilation (hypocapnea), hypovolemia-related renin aldo-
sterone system activation, and yet presented mild acidemia with low
HCO3 levels. Active bone resorptionmight have been one of such com-
pensations. Metabolic alkalosis related to use of diuretics or laxative
abuse was not apparent. Severe chronic hypovolemia related to an
absolute intake deﬁcit of potassium and salt was apparent on admis-
sion. Because emaciation was considered to have contributed to her
osteoporosis and renal dysfunction, promotion of calorie intake was
tried in addition to administration of potassium derivatives. After
two years, potassium derivative therapy was stopped because of
normokalemia. After 5 years, her weight rose to 37 kg with a BMI of
15.0 kg/m2, although she remained nonmenstrual. The BMD of theTable 1
Histomorphometrical analysis of right iliac crest.
Bone volume Bone volume BV/TV
Trabecular thickness Tb.Th
Wall thickness W.Th
Formation Osteoid volume OV/TV
Osteoid volume OB/BV
Osteoid surface OS/BS
Osteoid thickness O.Th
Resorption Eroded surface WS/BS
Osteoclasts number N.Oc/BS
Fibrous volume Fb.V/TV
Mineralization Mineral apposition rate MAR
Double labeled surface dLS/BS
Single labeled surface sLS/BS
Bone formation rate BFR/BS
Bone formation rate BFR/BV
Activation frequency Acflumbar spine increased to a T-score of 0.2 SD for the lateral view and
−2.3 SD for the anterior–posterior view, while BMD at the femoral
neck increased to a T-score of−2.3 SD. Serum albumin was 4.2 g/dL,
sodium was 145 mmol/L, potassium was 4.3 mEq/L, chloride was
102 mmol/L, calcium was 9.6 mg/dL, and phosphate was 3.6 mg/dL.
In addition, serum urea was 27 mg/dL, serum creatinine was 0.7 mg/dL,
total cholesterol was 280 mg/dL, serum alkaline phosphatase (ALP)
was 139 IU/L, 1,25-dihydroxyvitamin D was 59.7 ng/mL, and 25-
hydroxyvitamin D was 28.5 μg/L.
Discussion
In this study, we investigated the bone histology of a woman with
AN-related severe osteoporosis. Patients with AN have been consid-
ered to develop osteoporosis based upon a decrease of bone mineral
density, but the speciﬁc bone histological picture of AN has not
been reported before. There have been two reports of suggestion of
osteomalacia associated with AN [6,7]. On these two reports, osteo-
malacia was diagnosed clinically because of the elevation of alkaline
phosphatase and a very low 25-hydroxyvitamin D level, but bone his-
tology was not investigated.
In our patient, cancellous bone was decreased markedly and re-
placed by adipose tissue. There have been reports of bone marrow
changes in patients with AN. Abella et al. found an increase of bone
marrow fat due to an increase in adipocyte diameter in patients
with AN. They emphasized that this change may be reversible after
reestablishment of adequate nutritional intake [11].
The relation between AN and renal dysfunction was addressed by
Takakura et al., who examined the factors with an inﬂuence on renal
dysfunction [3]. They found that a low serum potassium, the duration
of AN, and the duration of laxative abuse had a close relation with
renal dysfunction. Bock et al. reported that patients with malnutri-
tion, including those with AN, may show deterioration of renal func-
tion due to hypokalemia [4]. In our patient, the kidneys showed the
histological picture of chronic abacterial interstitial nephritis charac-
terized by diffuse atrophy with tubular epithelial ﬂattening and vacu-
olation (cyst formation). Although the plasma renin activity and
plasma aldosterone concentration were elevated, her blood pressure
was normal or low. Bouquegneau et al. summarized renal manifesta-
tion of patients with AN. Hypokalemia is one of the most prevalent
and dangerous factor [5]. Chronic potassium depletion causes hypo-
kalemic nephropathy deﬁned by characteristic vacuolar lesions (cyst
formation) in epithelial cells of the proximal tubule, interstitial ﬁbro-
sis and tubular atrophy, as well as hyperplasia of the juxtaglomerular
apparatus associated with chronic hyper-reninemic state. Hypokalemia
induces an increase in renal ammonium production and accumulation
in the interstitium. The associated intracellular acidosis could damageNormal range
% 13.4 23.19 ± 4.37
μm 85 133.0 ± 22.0
μm 25.9 34.16 ± 2.32
% 0.47 0.32 ± 0.19
% 3.51 1.48 ± 0.93
% 19.9 12.1 ± 4.64
μm 7.46 10.34 ± 2.05
% 5.71 4.09 ± 2.33
N/mm 0.06
% 0 0
μm/day 0.37 0.589 ± 0.082
% 4.35
% 2.78
mm3/mm2/year 0.01 0.016 ± 0.008
%/year 18.1 24.6 ± 13.3
N/year 0.3
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hypokalemia might induce renal injury via a mechanism associated
with alterations of vasoactive mediators that promote renal vasocon-
striction and cause ischemic damage [12].
In our patient, bone biopsy showed active resorption of the perios-
teal and endosteal surfaces of cortical bone by numerous osteoclasts,
as well as the formation of bone islands due to a marked decrease
of trabecular connections in cancellous bone. Our dynamics study
of cancellous bone adjacent to cortical bone (Fig. 3D) showed that
mineralization occurred between the ﬁrst and second labelings, but
not between the second labeling and osteoid formation during the
28-day period before biopsy, which implied that the mineralization
had occurred due to promotion of food intake in hospital, while the
later lack of mineralization was caused by poor eating outside hospital.
Malnutrition with vitamin D depletion may have a negative inﬂuence
on bone formation due to impairment of mineralization. The presence
of ‘Empty lacunae’ (Fig. 3E) is supported by Mullender et al. [9]. Bone
is a dynamic tissue that undergoes continuous renewal. Its mechanical
integrity is ensured by removal of old bone and subsequent replace-
ment by newbone. A negative balance between the processes of resorp-
tion and formation may cause progressive bone loss in patients with
osteoporosis. Osteocytes play a role in the regulation of bone remodel-
ing. Because our patient's bone mass and kidney injury improved after
weight gain and normalization of serum potassium by a highly nutri-
tious diet, malnutrition with vitamin D depletion and hypokalemia
may have a negative inﬂuence on bone formation due to impairment
of mineralization, and bone resorption by osteoclasts may be activated
via the formation of empty lacunae, though this was not conﬁrmed by
repeat bone biopsy to assess the changes after weight gain.
In summary, our patient was found to have severe osteoporosis
by DEXA and bone biopsy, as well as chronic interstitial nephritis on
renal biopsy. Her BMD, renal dysfunction and hypokalemia improved
after weight gain of 10 kg (BMI increased from 11.0 to 15.0), which
indicates that malnutrition including hypokalemia contributes to the
pathogenesis of premenopausal osteoporosis and renal dysfunction inthis patient. Thus, unlike postmenopausal osteoporosis, it may not re-
quire pharmacological therapy such as bisphosphonates or teriparatide.
This is theﬁrst report on the bone histological features of premenopausal
osteoporosis in a patient with AN and kidney injury.
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